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members of this family of receptors that interact with TRAF3 and play an important role in 
postnatal development as well as in the development of a competent immune system. 
Identifying additional members of the TNF receptor superfamily would provide an 
additional means of regulating the immune and inflammatory response, as well as 
5 potentially providing further insight into post-natal development in mammals. 

SUMMARY OF THE INVENTION 

The present invention provides a novel receptor, referred to as RANK (for receptor 
activator of NF-kB), that is a member of the TNF receptor superfamily. RANK is a Type T 

10 transmembrane protein having 616 amino acid residues that interacts with TRAF3. 
Triggering of RANK by over-expression, co-expression of RANK and membrane bound 
RANK ligand (RANKL), and with addition of soluble RANKL or agonistic antibodies to 
RANK results in the upregulation of the transcription factor NF-kB, a ubiquitous 
transcription factor that is most extensively utilized in cells of the immune system. 

15 Soluble forms of the receptor can be prepared and used to interfere with signal 

transduction through membrane-bound RANK, and hence upregulation of NF-kB; 
accordingly, pharmaceutical compositions comprising soluble forms of the novel receptor 
are also provided. Inhibition of NF-kB by RANK antagonists may be useful in 
ameliorating negative effects of an inflammatory response that result from triggering of 

20 RANK, for example in treating toxic shock or sepsis, graft-versus-host reactions, or acute 
inflammatory reactions. Soluble forms of the receptor will also be useful in vitro to screen 
for agonists or antagonists of RANK activity. 

The cytoplasmic domain of RANK will be useful in developing assays for 
inhibitors of signal transduction, for example, for screening for molecules that inhibit 

25 interaction of RANK with TRAF2 or TRAF3. Deleted forms and fusion proteins 
comprising the novel receptor are also disclosed. 

The present invention also identifies a counters tincture, or ligand, for RANK, 
referred to as RANKL. RANKL is a Type 2 transmembrane protein with an intracellular 
domain of less than about 50 amino acids, a transmembrane domain and an extracellular 

30 domain of from about 240 to 250 amino acids. Similar to other members of the TNF 
family to which it belongs, RANKL has a 'spacer* region between the transmembrane 
domain and the receptor binding domain that is not necessary for receptor binding. 
Accordingly, soluble forms of RANKL can comprise the entire extracellular domain or 
fragments thereof that include the receptor binding region. 

35 These and other aspects of the present invention will become evident upon reference 

to the following detailed description of the invention. 
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fusions. For example, the conjugated peptide may be a signal (or leader) polypeptide 
sequence at the N-terminal region of the protein which co-translationally or post- 
translationally directs transfer of the protein from its site of synthesis to its site of function 
inside or outside of the cell membrane or wall (e.g., the yeast cx-factor leader). 
5 Protein fusions can comprise peptides added to facilitate purification or 

identification of RANK proteins and homologs (e.g., poly-His). The amino acid sequence 
of the inventive proteins can also be linked to an identification peptide such as that 
described by Hopp et al., Bio/Technology 6:1204 (1988). Such a highly antigenic peptide 
provides an epitope reversibly bound by a specific monoclonal antibody, enabling rapid 

10 assay and facile purification of expressed recombinant protein. The sequence of Hopp et 
al. is also specifically cleaved by bovine mucosal enterokinase, allowing removal of the 
peptide from the purified protein. Fusion proteins capped with such peptides may also be 
resistant to intracellular degradation in E. coli. 

Fusion proteins further comprise the amino acid sequence of a RANK linked to an 

15 immunoglobulin Fc region. An exemplary Fc region is a human IgG, having a nucleotide 
an amino acid sequence set forth in SEQ ID NO:8. Fragments of an Fc region may also be 
used, as can Fc muteins. For example, certain residues within the hinge region of an Fc 
region are critical for high affinity binding to FcyRI. Canfield and Morrison (J. Exp. Med. 
173:1483; 1991) reported thatLeu(234) and Leu(235)were critical to high affinity binding of 

20 IgG3 to FcyRI present on U937 cells. Similar results were obtained by Lund et al. (J. 
Immunol 147:2657, 1991; Molecular Immunol. 29:53, 1991). Such mutations, alone or 
in combination, can be made in an IgG, Fc region to decrease the affinity of IgG, for FcR. 
Depending on the portion of the Fc region used, a fusion protein may be expressed as a 
dimer, through formation of interchain disulfide bonds. If the fusion proteins are made 

25 with both heavy and light chains of an antibody, it is possible to form a protein oligomer 
with as many as four RANK regions. 

In another embodiment, RANK proteins further comprise an oligomerizing peptide 
such as a leucine zipper domain. Leucine zippers were originally identified in several 
DNA-binding proteins (Landschulz et al., Science 240:1759, 1988). Leucine zipper 

30 domain is a term used to refer to a conserved peptide domain present in these (and other) 
proteins, which is responsible for dimerization of the proteins. The leucine zipper domain 
(also referred to herein as an oligomerizing, or oligomer-forming, domain) comprises a 
repetitive heptad repeat, with four or five leucine residues interspersed with other amino 
acids. Examples of leucine zipper domains are those found in the yeast transcription factor 

35 GCN4 and a heat-stable DNA-binding protein found in rat liver (C/EBP; Landschulz et al., 
Science 243:1681, 1989). Two nuclear transforming proteins, fos and jwn, also exhibit 
leucine zipper domains, as does the gene product of the murine proto-oncogene, c-myc 
(Landschulz et al., Science 240:1759, 1988). The products of the nuclear oncogenes fos 
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tertiary structure of the native protein. Additional examples include substituting one 
aliphatic residue for another, such as lie, Val, Leu, or Ala for one another, or substitutions 
of one polar residue for another, such as between Lys and Arg; Glu and Asp; or Gin and 
Asn. Other such conservative substitutions, for example, substitutions of entire regions 
having similar hydrophobicity characteristics, are well known. 

Mutations in nucleotide sequences constructed for expression of analog proteins or 
fragments thereof must, of course, preserve the reading frame phase of the coding 
sequences and preferably will not create complementary regions that could hybridize to 
produce secondary mRNA structures such as loops or hairpins which would adversely 
affect translation of the mRNA. 

Not all mutations in the nucleotide sequence which encodes a RANK protein or 
fragments thereof will be expressed in the final product, for example, nucleotide 
substitutions may be made to enhance expression, primarily to avoid secondary structure 
loops in the transcribed mRNA (see EPA 75,444A, incorporated herein by reference), or to 
provide codons that are more readily translated by the selected host, e.g., the well-known 
E. coli preference codons for E. coli expression. 

Although a mutation site may be predetermined, it is not necessary that the nature of 
the mutation per se be predetermined. For example, in order to select for optimum 
characteristics of mutants, random mutagenesis may be conducted and the expressed 
mutated proteins screened for the desired activity. Mutations can be introduced at particular 
loci by synthesizing oligonucleotides containing a mutant sequence, flanked by restriction 
sites enabling ligation to fragments of the native sequence. Following ligation, the resulting 
reconstructed sequence encodes an analog having the desired amino acid insertion, 

substitution, or deletion. 

Alternatively, oligonucleotide-directed site-specific mutagenesis procedures can be 
employed to provide an altered gene having particular codons altered according to the 
substitution, deletion, or insertion required. Exemplary methods of making the alterations 
set forth above are disclosed by Walder et al. (Gene 42:133, 1986); Bauer et al. (Gene 
37:13, 1985); Craik (BioTechniqucs, January 1985, 12-19); Smith et al. (Genetic 
Engineering: Principles and Methods, Plenum Press, 1981); and U.S. Patent NOs. 
4,518.584 and 4,737,462 disclose suitable techniques, and are incorporated by reference 
herein. 

Other embodiments of the inventive proteins include RANK polypeptides encoded 
by DNAs capable of hybridizing to the DNA of SEQ ID NO:6 under moderately stringent 
conditions (prewashing solution of 5 X SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0) and 
hybridization conditions of 50*C, 5 X SSC, overnight) to the DNA sequences encoding 
RANK, or more preferably under stringent conditions (for example, hybridization in 6 X 
SSC at 63°C overnight; washing in 3 X SSC at 55"C), and other sequences which are 
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sequence if it is positioned so as to permit translation. Generally, operably linked means 
contiguous and, in the case of secretory leaders, contiguous and in reading frame. DNA 
sequences encoding RANK, or homologs or analogs thereof which are to be expressed in a 
microorganism will preferably contain no introns that could prematurely terminate 
5 transcription of DNA into mRNA. 

Useful expression vectors for bacterial use can comprise a selectable marker and 
bacteria] origin of replication derived from commercially available plasmids comprising 
genetic elements of the well known cloning vector pBR322 (ATCC 37017). Such 
commercial vectors include, for example, pKK223-3 (Pharmacia Fine Chemicals, Uppsala, 
30 Sweden) and pGEMl (Promega Biotec, Madison, WI, USA). These pBR322 "backbone" 
sections are combined with an appropriate promoter and the structural sequence to be 
expressed. E. coli is typically transformed using derivatives of pBR322, a plasmid derived 
from an E. coli species (Bolivar et al., Gene 2:95, 1977). pBR322 contains genes for 
ampicillin and tetracycline resistance and thus provides simple means for identifying 
15 transformed cells. 

Promoters commonly used in recombinant microbial expression vectors include the 
p-lactamase (penicillinase) and lactose promoter system (Chang et ah, Nature 275:615, 
1978; and Goeddel et al., Nature 281:544, 1979), the tryptophan (tip) promoter system 
(Goeddel et al., NucL Acids Res. 8:4057, 1980; and EPA 36,776) and tac promoter 
20 (Maniatis, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, p. 
412, 1982). A particularly useful bacterial expression system employs the phage X Pl 
promoter and cI857ts thermolabile repressor. Plasmid vectors available from the American 
Type Culture Collection which incoiporate derivatives of the X PL promoter include 
plasmid pHUB2, resident in £. coli strain JMB9 (ATCC 37092) and pPLc28, resident in 
25 E. coli RR1 (ATCC 53082). 

Suitable promoter sequences in yeast vectors include the promoters for 
metailothionein, 3-phosphoglycerate kinase (Hitzeman et al., J. Biol. Chem. 255:2073, 
1980) or other glycolytic enzymes (Hess et ah, J. Adv. Enzyme Reg. 7:149, 1968; and 
Holland et al., Biochenu 7 7:4900, 1978), such as enolase, glyceraldehyde-3-phosphate 
30 dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6- 
phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase. Suitable vectors and promoters 
for use in yeast expression are further described in R. Hitzeman et al., EPA 73,657. 

Preferred yeast vectors can be assembled using DNA sequences from pBR322 for 
35 selection and replication in E. coli (Amp r gene and origin of replication) and yeast DNA 
sequences including a glucose-repressible ADH2 promoter and ot-factor secretion leader. 
The ADH2 promoter has been described by Russell et al. (7. Biol Chem. 255:2674, 1982) 
and Beier et al. {Nature 300:124, 1982). The yeast cx-factor leader, which directs secretion 
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matrices comprising sulfopropyl or carboxymethyl groups. Sulfopropyl groups are 
preferred. Gel filtration chromatography also provides a means of purifying the inventive 
proteins. 

Affinity chromatography is a particularly preferred method of purifying RANK and 

5 homologs thereof. For example, a RANK expressed as a fusion protein comprising an 
immunoglobulin Fc region can be purified using Protein A or Protein G affinity 
chromatography. Moreover, a RANK protein comprising an oligomerizing zipper domain 
may be purified on a resin comprising an antibody specific to the oligomerizing zipper 
domain. Monoclonal antibodies against the RANK protein may also be useful in affinity 

10 chromatography purification, by utilizing methods that are well-known in the art. A ligand 
may also be used to prepare an affinity matrix for affinity purification of RANK. 

Finally, one or more reversed-phase high performance liquid chromatography (RP- 
HPLC) steps employing hydrophobic RP-HPLC media, e.g., silica gel having pendant 
methyl or other aliphatic groups, can be employed to further purify a RANK composition. 

15 Some or all of the foregoing purification steps, in various combinations, can also be 
employed to provide a homogeneous recombinant protein. 

Recombinant protein produced in bacterial culture is usually isolated by initial 
extraction from cell pellets, followed by one or more concentration, salting-out, aqueous 
ion exchange or size exclusion chromatography steps. Finally, high performance liquid 

20 chromatography (HPLC) can be employed for final purification steps. Microbial cells 
employed in expression of recombinant protein can be disrupted by any convenient method, 
including freeze-thaw cycling, sonication, mechanical disruption, or use of celt lysing 
agents. 

Fermentation of yeast which express the inventive protein as a secreted protein 
25 greatly simplifies purification. Secreted recombinant protein resulting from a large-scale 
fermentation can be purified by methods analogous to those disclosed by Urdal et ah (J. 
Chromatog. 296:17 '1, 1984). This reference describes two sequential, reversed-phase 
HPLC steps for purification of recombinant human GM-CSF on a preparative HPLC 
column. 

30 Protein synthesized in recombinant culture is characterized by the presence of cell 

components, including proteins, in amounts and of a character which depend upon the 
punfication steps taken to recover the inventive protein from the culture. These 
components ordinarily will be of yeast, prokaryotic or non-human higher eukaryotic origin 
and preferably are present in innocuous contaminant quantities, on the order of less than 

35 about 1 percent by weight. Further, recombinant cell culture enables the production of the 
inventive proteins free of other proteins which may be normally associated with the proteins 
as they are found in nature in the species of origin. 
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in B ^U proliferation and -"—^^.fc^ ^As generated 
was identified in a database was eKte d from .he vector 

hur nan bone marrow-derivcd dendrtttc « Is (DO ^ „ p md used to Wvbn d. Z e 

W^-^^^*,-, — -rr cDNA inserts ustng 
5 ,o colony Wots generated from a DC c (hybrito uon tn SxSSC, 50% 

high stringency hybridization ^ a 63 „ C); othH suitable high stringency . ■ 

formamide a, 42°C overnight, .ash ^^^ BlillS3aial ^i^a^ 
conditions are disclosed tn Sambrook «d. ^^^^^W 9-52-9.55 
and ed. (Cold Spring Harbor ^ (SEQ TD NO:!); subsequen 

20 Initial experiments yielded a clone tefen-ed to ^ a ^ ^ wlth 

lysis indicated that this — * . ^ ' ^leohdes 1-92 o, SEQ ID NO.), 
predicted intron sequence at the extre« . J* ^ „ lsolated . Tbe 

Iddrtional colony contained the 5' end without mtron 

second clone, referred to as ^ ^ows the nucleotide and amino ac,d 

, 0 with a predicted 24 arruno acid ^ acl d transmembrane domatn 

UaM. a ,88 amino acid ^ ]inW K g,on of RANK dtspiayed 

md a 383 ammo ac,d cytoplasm* £ [Q CD40 . A clonl „g 

significant amino acd homology (38.5* V deslgnated 
veclor (pB.uescrip.SK-, — 
35 pBluescript.huRANK (in* «*DH OBV ^ P ^ ^ ^ ^ of ^ Budapes . 
Collection, Rockville. MD (ATCC) on 
Trea.y. and given accession number 98285. 
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ability to bind a ligand for RANK in a specific manner. Preferred C-terminal amino acids 
for soluble RANK peptides are selected from the group consisting of amino acids 2 1 3 and 
196 of SEQ ID NO:6, although other amino acids in the spacer region may be utilized as a 
C-terminus. 

5 EXAMPLE 3 

This example illustrates the preparation of monoclonal antibodies against RANK. 
Preparations of purified recombinant RANK, for example, or transfected cells expressing 
high levels of RANK, are employed to generate monoclonal antibodies against RANK 
using conventional techniques, such as those disclosed in U.S. Patent 4,41 1,993. DNA 

10 encoding RANK can also be used as an immunogen, for example, as reviewed by Pardoll 
and Beckerleg in Immunity 3:165, 1995. Such antibodies are likely to be useful in 
interfering with RANK-induced signaling (antagonistic or blocking antibodies) or in 
inducing a signal by cross-linking RANK (agonistic antibodies), as components of 
diagnostic or research assays for RANK or RANK activity, or in affinity purification of 

15 RANK. 

To immunize rodents, RANK immunogen is emulsified in an adjuvant (such as 
complete or incomplete Freund's adjuvant, alum, or another adjuvant, such as Ribi 
adjuvant R700 (Ribi, Hamilton, MT), and injected in amounts ranging from 10-100 jxg 
subcutaneously into a selected rodent, for example, BALB/c mice or Lewis rats. DNA may 
20 be given intradermally (Raz et al., Proc. Natl. Acad. Sci. USA 91:9519, 1994) or 
intamuscularly (Wang et al., Proc. Natl. Acad. Sci. USA 90:4156, 1993); saline has been 
found to be a suitable diluent for DNA-based antigens. Ten days to three weeks days later, 
the immunized animals are boosted with additional immunogen and periodically boosted 
thereafter on a weekly, biweekly or every third week immunization schedule. 
25 Serum samples are periodically taken by retro-orbital bleeding or tail-tip excision for 

testing by dot-blot assay (antibody sandwich), ELISA (enzyme-linked immunosorbent 
assay), immunoprecipitation, or other suitable assays, including FACS analysis. 
Following detection of an appropriate antibody titer, positive animals are given an 
intravenous injection of antigen in saline. Three to four days later, the animals are 
30 sacrificed, splenocytes harvested, and fused to a murine myeloma cell line (e.g., NS1 or 
preferably Ag 8.653 [ATCC CRL 1580]). Hybridoma cell lines generated by this 
procedure are plated in multiple microliter plates in a selective medium (for example, one 
containing hypoxanthine, aminopterin, and thymidine, or HAT) to inhibit proliferation of 
non-fused cells, myeloma-myeloma hybrids, and splenocyte-splenocyte hybrids. 
35 Hybridoma clones thus generated can be screened by ELISA for reactivity with 

RANK, for example, by adaptations of the techniques disclosed by Engvall et al., 
Immunochem. S:871 (1971) and in U.S. Patent 4,703,004. A preferred screening 
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DEAE/DEXTRAN method) with pUsm.ds enco , g^ • « alway s 

(referred to as plWrep), and 2). the cDNACs) of mterest^ ^ ^ ^ ^ a 
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, of RANK. For such cc-transfect,o» sm*e * ° ^ 0.4 

action were as follows: 40 ng of ^ ^ „_„ ng RANK (DNA 

ng CD40 (DN A encoding CD40, a ^ CD40L (DNA encoding the ligand 

encoding RANK; pDC409 vector), and e* ^ ^ ^ ^ ^ . 

for CD4Q, which acts as a positive con „ RANK L (DNA encoding 

a negative control when ^ ^ can ta done using sotuble RANK, 

a ligand for RANK; in pDC406). bmn f txKi wit h RANK. 
or agonistic antibodies, 0 RANK — rcactive with *4R is 

For the nuX-4R-spec,f c WA. a . „ ^ ^ ^ ^ „ 

lab eled with '"1 via a Chloramine T comugati ^ ^ 

,0 typically 1.5 x .016 cpm/nmol. After 4S ^ — ^ lockeo by the addition of 
lia (DMEM/F12 5* FBS). and , n c„ba,,o„ at 3TC** CO, 

planned binding media containing 5* non ^ ^ ^ ^ bin<Jing 

in a tissue culture incubator for one houi^ ^ ^ ^ and incubated 

buf fer containing «I anti-mlL-4R (clone Ml, ^ )^ ^ ^ ^ ^ ^ ^ 
35 with rocxing a. room temperature for I rr ^ ^ ^ ^ [wice witb 

labeled antibody, cells are washed extensively 
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with the American Type Culture Collection. Rockville, MD (ATCC) on December 20, 
1996, under terms of the Budapest Treaty, and given accession number 98284. The 
nucleotide sequence and predicted amino acid sequence of this clone arc illustrated in SEQ 
ID NO: 10. This clone did not contain an initiator methionine; additional, full-length clones 
were obtained from a 7B9 library (prepared substantially as described in US paten. 
5,599,905, issued February 4, 1997); the 5' region was found to be identical to that of 
human RANKL as shown in SEQ TD NO: 12, amino acids 1 through 22, except for 
substitution of a Gly for a Thr at residue 9. 

This ligand is useful for assessing the ability of RANK to bind RANKL by a 
number of different assays. For example, transfected cells expressing RANKL can be used 
in a FACS assay (or similar assay) to evaluate the ability of soluble RANK to bind 
RANKL. Moreover, soluble forms of RANKL can be prepared and used in assays that are 
known in the art (i.e., EL1SA or BIAcore assays essentially as described in USSN 
08/249,189, filed May 24, 1994). RANKL is also useful in affinity purification of RANK, 
and as a reagent in methods to measure the levels of RANK in a sample. Soluble RANKL 
is also useful in inducing NF-kB activation and thus protecting cells that express RANK 
from apoptosis. 

FX AMPLE 8 

This example describes the isolation of a human RANK ligand (RANKL) using a 
PCR-based technique. Murine RANK ligand-specific oligonucleotide primers were used in 
PCR reactions using human cell line-derived first strand cDNAs as templates. Primers 
corresponded to nucleotides 478-497 and to the complement of nucleotides 858-878 of 
murine RANK ligand (SEQ ID NO: 10). An amplified band approximately 400 bp in length 
from one reaction using the human epidermoid cell line KB (ATCC CCL-17) was gel 
purified, and its nucleotide sequence determined; the sequence was 85% identical to the 
corresponding region of murine RANK ligand, confirming that the fragment was from 
human RANKL. 

To obtain full-length human RANKL cDNAs, two human RANKL-specific 
oligonucleotides derived from the KB PCR product nucleotide sequence were radiolabeled 
and used as hybridization probes to screen a human PBL cDNA library prepared in lambda 
gtlO (Stratagene, La Jolla, CA), substantially as described in US patent 5,599,905, issued 
February 4, 1997 . Several positive hybridizing plaques were identified and purified, their 
inserts subcloned into pBluescript SK" (Stratagene, La Jolla, CA), and their nucleotide 
sequence determined. One isolate, PBL3, was found to encode most of the predicted 
human RANKL, but appeared to be missing approximately 200 bp of 5' coding region. A 
second isolate, PBL5 was found to encode much of the predicted human RANKL, 
including the entire 5' end and an additional 200 bp of 5' untranslated sequence. 
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EXAMPLE 12 

This example illustrates the influence of RANK.Fc and hRANKL on activated T 
cell growth. The addition of TGFB to anti-CD3 activated human peripheral blood T 
5 lymphocytes induces proliferation arrest and ultimately death of most lymphocytes within 
the first few days of culture. We tested the effect of RANK: RAN KL interactions on TGFB- 
treatcd T cells by adding RANK.Fc or soluble human RANKL to T cell cultures. 

Human peripheral blood T cells (7 x 10 s PBT) were cultured for six days on anti- 
CD3 (OKT3, 5u,g/ml) and anti-Flag (Ml, 5jig/ml) coated 24 well plates in the presence of 
10 TGFB (lng/ml) and IL-4 (lOng/ml), with or without recombinant FLAG-tagged soluble 
hRANKL (Ip-g/ml) or RANK.Fc (lOjig/ml). Viable T cell recovery was determined by 
triplicate trypan blue countings. 

The addition of RANK.Fc significantly reduced the number of viable T cells 
recovered after six days, whereas soluble RANKL greatly increased the recovery of viable 
15 T cells (Figure 1). Thus, endogenous or exogenous RANKL enhances the number of 
viable T cells generated in the presence of TGFB. TGFB, along with IL-4, has been 
implicated in immune response regulation when secreted by the T H 3/regulatory T cell 
subset. These T cells are believed to mediate bystander suppression of effector T cells. 
Accordingly, RANK and its ligand may act in an auto/paracrine fashion to influence T cell 
20 tolerance. Moreover, TGFB is known to play a role in the evasion of the immune system 
effected by certain pathogenic or opportunistic organisms. In addition to playing a role in 
the development of tolerance, RANK may also play a role in immune system evasion by 
pathogens. 

25 EXAMPLE 13 

This example illustrates the influence of the interaction of RANK on CDla+ 
dendritic cells (DC). Functionally mature dendritic cells (DC) were generated in vitro from 
CD34+ bone marrow (BM) progenitors. Briefly, human BM cells from normal healthy 

30 volunteers were density fractionated using Ficoll medium and CD34+ cells immunoaffinity 
isolated using an anti-CD34 matrix column (Ceprate, CellPro). The CD34+ BM cells were 
then cultured in human GM-CSF (20 ng/ml), human IL-4 (20 ng/ml), human TNF-cx (20 
ng/ml), human CHO-derived Flt3L (FL; 100 ng/ml) in Super McCoy's medium 
supplemented with 10% fetal calf serum in a fully humidified 37°C incubator (5% C0 2 ) for 

35 14 days. CDla+, HLA-DR+ DC were then sorted using a FACStar Plus™, and used for 
biological evaluation of RANK 

On human CDla+ DC derived from CD34+ bone marrow cells, only a subset (20- 
30%) of CDla+ DC expressed RANK at the cell surface as assessed by flow cytometric 
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A soluble, oligomeric form of huRANKL was prepared by ligating DNA encoding 
the CMV leader (SEQ ID NO: 9) to a codon encoding Asp followed by DNA ending a 
trimer-former "leucine" zipper (SEQ ID NO: 19), then by codons encoding Thr Arg Ser 
followed by amino acids 138-317 of SEQ ID NO: 13. 

These and other constructs are prepared by routine experimentation. The various 
DNAs are then inserted into a suitable expression vector, and expressed. Particularly 
preferred expression vectors are those which can be used in mammalian cells. For 
example, pDC409 and pDC304, described herein, are useful for transient expression. For 
stable transfection, the use of CHO cells is preferred; several useful vectors are described in 
USSN 08/785,150, now allowed, for example, one of the 2A5-3 X-derived expression 
vectors discussed therein. 

F Y AMPLE 16 

This example demonstrates that RANKL expression can be up-regulated on murine 
T cells. Cells were obtained from mesenteric lymph nodes of C57BL/6 mice, and activated 
with anti-CD3 coated plates, Concanavalin A (ConA) or phorbol myristatc acetate in 
combination with lonomycin (anti-CD3: 500A2; Immunex Corporation, Seattle WA; ConA, 
PMA, lonomycin, Sigma, St. Louis, MO) substantially as described herein, and cultured 
from about 2 to 5 days. Expression of RANKL was evaluated in a three color analysis by 
FACS, using antibodies to the T cell markers CD4, CD8 and CD45RB, and RANK/Fc, 

prepared as described herein. 

RANKL was not expressed on unstimulated murine T cells. T cells stimulated with 
either anti-CD3, ConA, or PMA/ionomycin, showed differential expression of RANKL: 
CD4 + /CD45RBLo and CD4 + /CD45RBHi cells were positive for RANKL, but CD8+ cells 
were not. RANKL was not observed on B cells, similar to results observed with human 
cells. 

EXAMPLE 17 

This example illustrates the effects of murine RANKL on cell proliferation and 
activation. Various cells or cell lines representative of cells that play a role in an immune 
response (murine spleen, thymus and lymphnode) were evaluated by culturing them under 
conditions promoting their viability, in the presence or absence of RANKL. RANKL did 
not stimulate any of the tested cells to proliferate. One cell line, a macrophage cell line 
referred to as RAW 264.7 (ATCC accession number TIB 71) exhibited some signs of 
activation. 

RAW cells constitutively produce small amounts of TNF-a. Incubation with either 
human or murine RANKL enhanced production of TNF-a by these cells in a dose 
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(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI~SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 



(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: BONE -MARROW DERIVED DENDRITIC CELLS 

(B) CLONE: 9D-8A 



(ix) FEATURE : 

(A) NAME /KEY: CDS 

(B) LOCATION: 93. .1868 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
GCTGCTGCTG CTCTGCGCGC TGCTCGCCCG GCTGCAGTTT T ATC C AG AAA GAGCTGTGTG 
GACTCTCTGC CTGACCTCAG TGTTCTTTTC AG GTG GCT TTG CAC ATC GCT OCT 



i 



5 



CCA TGT ACC ACT GAG AAG CAT TAT GAG CAT CTG GGA CGG TGC TGT AAC 
Pro HI Thr Ser Glu Lys His Tyr Qlu His Leu Gly Arg Cys Cys Asn 



10 15 



AAA TGT GAA CCA GGA AAG TAG ATG TCT TCT AAA TGC ACT ACT ACC TCT 
Lys Cys Glu Pro Gly Lys Tyr Met Ser Ser Lys Cys Thr Thr Thr 
25 30 35 

GAC AGT GTA TGT CTG CCC TGT GGC CCG GAT GAA TAG TTG GAT AGC TGG 
Asp ser vll Cys Leu Pro Cys Gly Pro Asp Glu Tyr Leu Asp Ser Trp 
40 45 50 

AAT GAA GAA GAT AAA TGC TTG CTG CAT AAA GTT TGT GAT ACA GGC AAG 
Asn Glu Glu Asp Lys Cys Leu Leu His Lys Val Cys Asp Thr Gly Lys 



60 



GCC CTG GTG GCC GTG GTC GCC GGC AAC AGC ACG ACC CCC CGG CGC TGC 
til Leu Zl Ala Val Val Ala Gly Asn Ser Thr Thr Pro Arg Arg Cys 
75 80 85 

GCG TGC ACG GCT GGG TAG CAC TGG AGC CAG GAC TGC GAG TGC TGC CGC 
£a 5s Thr Ala Gly Tyr His Trp Ser Gin Asp Cys Glu Cys Cys Arg 
90 95 100 

CGC AAC ACC GAG TGC GCG CCG GGC CTG GGC GCC CAG CAC CCG TTG CAG 
Arg £sn Thr Glu Cys Ala Pro Gly Leu Gly Ala Gin His Pro Leu Gin 
105 HO 115 

CTC AAC AAG GAC ACA GTG TGC AAA CCT TGC CTT GGA GGC TAC TTC TCT 
Leu Asn Lys Asp Thr Val Cys Lys Pro Cys Leu Ala Gly Tyr Phe Ser 
120 125 130 



60 

113 

161 

209 

257 

305 

353 

401 

449 

497 
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CAG GAG Z GGC GGG GCC AAG JCJ « OCGCCCCCCA TGGCTGGGAG 
Sn Glu Gin Gly Gly Ala Ala 

585 rrrTCTGCCC CAGCCCCGGC 1948 

c „ — ™=gg -™ - 2ooa 

—a «-» TGTcccci 2068 

CTTCCAGGAA ATGGGCTTTT CAGGAAGTGA ATTGATGAGG 
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Lys Val Cys Asp Thr Gly Lys Ala Leu Val Ala Val Val Ala Gly Asn 
65 ™ 75 

Se . Thr Thr Pro Arg Arg Cys Ala Cys Thr Ala Gly Tyr His Trp Ser 
85 90 

Gin Asp Cys Glu Cys Cys Arg Arg Asn Thr Glu Cys Ala Pro Gly Leu 
100 105 

Gly Ala Gin His Pro Leu Gin Leu Asn Lys Asp Thr Val Cys Lys Pro 
115 120 12o 

Cys Leu Ala Gly Tyr Phe Ser Asp Ala Phe Ser Ser Thr Asp Lys Cys 
130 135 140 

Arg Pro Trp Thr Asn Cys Thr Phe Leu Gly Lys Arg Val Glu His His 
145 150 155 

Gly Thr Glu Lys Ser Asp Ala Val Cys Ser Ser Ser Leu Pro Ala Arg 



165 



Lys Pro Pro Asn Glu Pro His Val Tyr Leu Pro Gly Leu lie He Leu 
180 185 190 

Leu Leu Phe Ala Ser Val Ala Leu Val Ala Ala He lie Phe Gly Val 



195 



200 205 



Cys Tyr Arg Lys Lys Gly Lys Ala Leu Thr Ala Asn Leu Trp His Trp 
210 215 220 

lie Asn Glu Ala Cys Gly Arg Leu Ser Gly Asp Lys Glu Ser Ser Gly 
225 230 235 

Asp Ser Cys Val Ser Thr His Thr Ala Asn Phe Gly Gin Gin Gly Ala 

250 Z3D 



245 

Cys Glu Gly Val Leu Leu Leu Thr Leu Glu Glu Lys Thr Phe Pro Glu 

265 



260 



Asp Met Cys Tyr Pro Asp Gin Gly Gly Val Cys Gin Gly Thr Cys Val 
275 280 285 

Gly Gly Gly Pro Tyr Ala Gin Gly Glu Asp Ala Arg Met Leu Ser Leu 
290 295 300 

Val Ser Lys Thr Glu He Glu Glu Asp Ser Phe Arg Gin Met Pro Thr 
305 310 315 

Glu Asp Glu Tyr Met Asp Arg Pro Ser Gin Pro Thr Asp Gin Leu Leu 



325 



Phe Leu Thr Glu Pro Gly Ser Lys Ser Thr Pro Pro Phe Ser Glu Pro 

340 3^5 350 

Leu Glu Val Gly Glu Asn Asp Ser Leu Ser Gin Cys Phe Thr Gly Thr 
355 360 365 

Gin Ser Thr Val Gly Ser Glu Ser Cys Asn Cys Thr Glu Pro Leu Cys 
370 375 380 
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(ix) FEATURE: 

(A) NAME / KEY : CDS 

(B) LOCATION: 39. .1391 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CCCCTOAOOC CGCGCCGCCC GCCAGCCTGT CCCGCGCC ATG GCC CCG CGC GCC 



1 5 



- S S 5 S = S S 2 = = = S S = S 

s s = sj s s = s s s s s s £ = s 

AAG CAT TAT CAT - GOA C» ™= - £ £ £ £ So SS 

Lys His Tyr Glu His Leu Gly Arg cy 5Q 

£ S ^ E = - i s S S E ^ = " ~ S 
« S S £ S a - = = S S - K S S 

70 p ur rcc CTG GTG GCC GTG 

S s s ss E £ S« » - i - »• - M1 M 

0TC GCC GCC AAC Z £ - - CGC CGC TGC CCG TGC AM GCT « 

Val Ala Gly Asn Ser inr ^ lib 

- CAC TGG Tc CAG GAC TGC GAG ™ £ ~ ~ £ £ SS £ 

Tyr His Trp Ser Gin Asp *-y 130 
120 

pap rTf AAC AAG GAC AC A 
GCG CCG GGC CTG CGC GCC CAG CAC CCG TT G C£ CTC ^ ^ Asp Thr 
Ala Pro Gly Leu Gly Ala Gin His ^ 

„„ n ™ C TTC TCT GAT GCC TTT TCC TCC 

Zl s - - - - s - z s s a» p «- ~ - 

150 155 

r*r* TvTir 1 TCT ACC TTC CTT GGA AAG AGA 

ACS GAC AAA TGC AGA CCC TGG ACC »C TOT « ^ ^ Qly Srg 

Thr Asp Lys Cys Arg Pro Trp ^ i 8 0 

-i SS S S S S S5 e i S S S 5 i E E 
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101 



149 



197 



245 



293 



389 



437 



485 



629 
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CCC AGC CCC AAC TGG GCA GAT GTC TGC ACA GGC TGC CGG AAC 
Pro Ser Pro Asn Trp Ala Asp Val Cys Thr Gly Cys Arg Asn 
440 445 450 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 51 amino acids 

(B) TYPE: amino acid 
( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Met Ala Pro Arg Ala Arg Arg Arg Arg Pro Leu Phe Ala Leu Leu Leu 
1 5 10 

Leu Cys Ala Leu Leu Ala Arg Leu Gin Val Ala Leu Gin lie Ala Pro 
20 25 

Pro Cys Thr Ser Glu Lys His Tyr Glu His Leu Gly Arg Cys Cys Asn 
35 40 45 

Lys Cys Glu Pro Gly Lys Tyr Met Ser Ser Lys Cys Thr Thr Thr Ser 

55 fin 

3 ro Cys Gly Pro Asp Glu 
70 75 



1391 



50 55 60 

Asp Ser Val Cys Leu Pro Cys Gly Pro Asp Glu Tyr Leu Asp Ser Trp 



Asn Glu Glu Asp Lys Cys Leu Leu His Lys Val Cys Asp Thr Gly Lys 
85 90 

Ala Leu Val Ala Val Val Ala Gly Asn Ser Thr Thr Pro Arg Arg Cys 

100 i° 5 110 

Ala Cys Thr Ala Gly Tyr His Trp Ser Gin Asp Cys Glu Cys Cys Arg 
115 120 125 

Arg Asn Thr Glu Cys Ala Pro Gly Leu Gly Ala Gin His Pro Leu Gin 
130 135 140 

Leu Asn Lys Asp Thr Val Cys Lys Pro Cys Leu Ala Gly Tyr Phe Ser 
145 150 155 ibu 

Asp Ala Phe Ser Ser Thr Asp Lys Cys Arg Pro Trp Thr Asn Cys Thr 



165 



Phe Leu Gly Lys Arg Val Glu His His Gly Thr Glu Lys Ser Asp Ala 
180 185 i9 ° 

Val Cys Ser Ser Ser Leu Pro Ala Arg Lys Pro Pro Asn Glu Pro His 
195 200 205 

Val Tyr Leu Pro Gly Leu He lie Leu Leu Leu Phe Ala Ser Val Ala 
210 215 220 

Leu Val Ala Ala lie He Phe Gly Val Cys Tyr Arg Lys Lys Gly Lys 
230 235 



225 
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(A) LIBRARY : BO—W -XVBn DENDRITIC CELLS 

(B) CLONE : FULL LENGTH RANK 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 39.. 1886 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 5 : 
c „OC CGCGGCGCCC GCCAGCCTGT CCCGCGCC £3 CCC CCO COC CCC 

1 b 

S S S S S S £ S £ £ = s SS S 2 2 

s - £ £ £ e - - £ S S £ S £ £ £ 

s £ 5 £ s s s » ™ s s c i - s s 

« £ £ = = - i S £ £ = S = - " = 

s s s £ = £ - £ s = s £ a £ £ IS 

~ £ 2 £ S £ SI £ £ S £ S £ £ S £ 

- OCC GGC f C l .CO £ CCC CCG CGC « £ - £ ~ S 

Val Ala Gly Asn Ser Tnr in ^ lib 

- c,c ,gg 2 =» « S c « - - coc cgc »= £ - - 

Tyr His Trp Ser Gin Asp ^y !30 
120 

m ^ ^, ^ rTr aac AAG GAC AC A 
GCG CCO GGC CTC GOC «= «, CJC «0 ™ « «C Ly3 w Thr 

Ala Pro Gly W Gly Ala Gin His J45 

■s 5 s £ s £ s s - £ i £ s = = I 

150 ,j, r TPT ACC TTC CTT GGA AAG AGA 

«■ <■» rt S «. £ £ £ »» £ - «» Gly 55 Aro 

Thr Asp hys Cys 17 5 

r, ^ r na GTT TGC AGT TCT TCT 

£ £ £ £ Sy £ £ £ £ S S ~ «, - - - 



101 



149 



197 



245 



389 



437 



485 



629 
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CCC AGC CCC AAC TGG GCA GAT GTC TGC ACA GGC TGC CGG AAC CCT CCT 
Pro 'spr Pro Asn Trp Ala Asp Val Cys Thr Gly Cys Arg Asn Pro Pro 
440 44S 4B ° 



1397 



1445 



1493 



GGG GAG GAC TGT GAA CCC CTC GTG GGT TCC CCA AAA CGT GGA CCC TTG 
Gly Glu Asp Cys GIu Pro Leu Val Gly Ser Pro Lys Arg Gly Pro Leu 
455 460 465 

CCC CAG TGC GCC TAT GGC ATG GGC CTT CCC CCT GAA GAA GAA GCC AGC 
Pro Gin Cys Ala Tyr Gly Met Gly Leu Pro Pro Glu Glu Glu Ala Ser 
470 475 480 4Hb 

AGG ACG GAG GCC AGA GAC CAG CCC GAG GAT GGG GCT GAT GGG AGG CTC 1541 
Arg Thr Glu Ala Arg Asp Gin Pro Glu Asp Gly Ala Asp Gly Arg Leu 
490 500 

CCA AGC TCA GCG AGG GCA GGT GCC GGG TCT GGA AGC TCC CCT GGT GGC 15 8 9 
Pro Ser Ser Ala Arg Ala Gly Ala Gly Ser Gly Ser Ser Pro Gly Gly 
505 510 515 

CAG TCC CCT GCA TCT GGA AAT GTG ACT GGA AAC ACT AAC TCC ACG TTC 163 7 
Gin Ser Pro Ala Ser Gly Asn Val Thr Gly Asn Ser Asn Ser Thr Phe 
520 525 530 

ATC TCC AGC GGG CAG GTG ATG AAC TTC AAG GGC GAC ATC ATC GTG GTC 16 85 
He Ser Ser Gly Gin Val Met Asn Phe Lys Gly Asp He He Val Val 
535 540 545 

TAG GTC AGC CAG ACC TCG CAG GAG GGC GCG GCG GCG GCT GCG GAG CCC 17 3 3 
Zr Val Ser Gin Thr Ser Gin Glu Gly Ala Ala Ala Ala Ala Glu Pro 
550 555 560 565 

ATG GGC CGC CCG GTG CAG GAG GAG ACC CTG GCG CGC CGA GAC TCC TTC 17 81 
Met Gly Arg Pro Val Gin Glu Glu Thr Leu Ala Arg Arg Asp Ser Phe 
570 575 580 

GCG GGG AAC GGC CCG CGC TTC CCG GAC CCG TGC GGC GGC CCC GAG GGG 182 9 
Sa Gly Asn Gly Pro Arg Phe Pro Asp Pro Cys Gly Gly Pro Glu Gly 
585 590 595 

CTG CGG GAG CCG GAG AAG GCC TCG AGG CCG GTG CAG GAG CAA GGC GGG 1877 
Leu Arg Glu Pro Glu Lys Ala Ser Arg Pro Val Gin Glu Gin Gly Gly 
600 605 610 

GCC AAG GCT TGAGCGCCCC CCATGGCTGG GAGCCCGAAG CTCGGAGCCA 1926 
Ala Lys Ala 
615 

GGGCTCGCGA GGGCAGCACC GCAGCCTCTG CCCCAGCCCC GGCCACCCAG GGATCGATCG 19 86 
GTACAGTCGA GGAAGACCAC CCGGCATTCT CTGCCCACTT TGCCTTCCAG GAAATGGG C T 2 0 46 
TTTCAGGAAG TGAATTGATG AGGACTGTCC CCATGCCCAC GGATGCTCAG CAGCCCGCCG 2106 
CACTGGGGCA GATGTCTCCC CTGCCACTCC TCAAACTCGC AGCAGTAATT TGTGGCACTA 2166 
TGACAGCTAT TTTTATGACT ATCCTGTTCT GTGGGGGGGG GGTCTATGTT TTCCCCCCAT 2 226 
ATTTGTATTC CTTTTCATAA CTTTTCTTGA TATCTTTCCT CCCTCTTTTT TAATGTAAAG 22 86 
GTTTTCTCAA AAATTCTCCT AAAGGTGAGG GTCTCTTTCT TTTCTCTTTT CCTTTTTTTT 2 3 46 
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„. c - - - ^ -i. s ~ - « - ss cys cys " B 

115 

«. „ W «u cys ». ox, - «v - «. - - 

„ Z „. «P - ~ - P~ C -» - -V »- - 

145 _ m , ^ 

r>™ Trn Thr Asn Cys Thr 
ASP Ala Phe Ser Ser Thr Asp Lys Cys *r« Pro Trp 

165 

r1v Tlir G iu Lys Ser Asp Ala 
Phe Leu Gly Lys Ar 9 Val Glu H,s Hx* Gly Thr Gl 

180 

va X Cys se t « s« x-u «. »J « - - £ P " 

TO1 W « ox y - x- xx. - - - - S " V " 

210 



^ uni rvs Tvr Arg Lys L Y S Gly Lys 
le Phe Gly Val Cys lyr 240 

» «l «P Hi. «P »• »» », Cvs Oly « 

Ser Cys Val Ser Thr His 



Leu val Ala Ala He lie P»e ^y ^ ^ 

225 AiU 

Ala Leu Thr Ala Asn Leu Trp nx* ^ 

245 



L eu Ser Gly Asp Lys Glu Ser Ser Gly Asp ser .y> ^ 

260 



Thr Ala Asn Phe 
275 



01y c-x„ ex. cxy »x. ™ l 5 1 ™ "° 



280 



« ,» «. - W . - - »• - » -« IT. ^ "° " P 

oly " V., cys cm GXy ^ cys V,X OX, », - - ». «» 

X «u «• « »« - "* S s " Thr G1 " "» ° lu 

Glu „ S. r «. « - - - £ «» W CXu - «- 

340 

, nn Leu Leu Phe Leu Thr Glu Pro Gly Ser 
Pro Ser Gin Pro Thr Asp Gin Leu Leu ^ 



355 360 



ov, Glu Pro Leu Glu Val Gly Glu Asn Asp 

Lys Ser Thr Pro Pro Phe Ser Glu ^ 

ser Z « ox. cys - «y cm S| - v.x cxy « cm 

3 85 

mv,v aqn TrD Thr Pro Met 
„ rvs Thr Glu Pro Leu Cys Arg Thr Asp Trp 

Ser Cys Asn Cys inr ^xu q i3 

Mr s« OX. » - 3X= to s JX. V«X « -« -y «. Cys ,» 

420 
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(C) STRAND EDNESS : not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Human 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: IgGl Fc mutein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

Glu Pro Arg Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
1 5 10 15 

Pro Glu Ala Glu Gly Ala Pro Ser Val Phe Leu Phe Pro Pro Lys Pro 
20 25 30 

Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu Val Thr Cys Val Val 
35 40 45 

Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val 
50 55 60 

Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin 
65 70 75 « u 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin 
85 90 95 

Asp Trp Leu Asn Gly Lys Asp Tyr Lys Cys Lys Val Ser Asn Lys Ala 
100 105 

Leu Pro Ala Pro Met Gin Lys Thr He Ser Lys Ala Lys Gly Gin Pro 
115 120 125 

Ara Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr 
130 135 140 

Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Arg 
145 150 I" 160 

His lie Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr 
165 170 I 75 

Lvs Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr 
180 185 I 90 

Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe 
ig5 200 205 

Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys 
210 215 220 

Ser Leu Ser Leu Ser Pro Gly Lys 
225 230 
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E S S £ E £ S E E S E = E = S ~ 
S S E S S S S£ S E 5 E S S 2 E 2 

~ s s s s s s s e s s s ss e e s 

50 

s s e s £ s £ s e e si e s £ e - 

S £ S £ S E K =5 £ = i « s ~ S ^ 

s s e s is s s s s i s £ = si e s 

£ S E E £ E E S E E S S S i S = 

s s e e s 2 s s E s e s s: e s s 

~ £ £ S E S S E K E £ S E E S S 
£ £ E E S S E 5 £ S i S E S E E 

160 165 

«™ ar^r PTT AAC CAA GAT GGC TTC TAT 

£ £ E E E " " ™ " Si G1 " " P " y »» " 

Tac CTO ™c ccc Z ^ - ™ « - « £ f c OJJ = 

Tyr Leu Tyr Ala Asn He Cys Phe arg 2Q5 

GTA CCT *» Z - - - ™ £ - £ £ S2 E S E 

Val Pro Thr Asp Tyr Leu Gin Leu k 22Q 
210 ^ 

S S S £ E E E E E E E I S = S - 

225 2 

™^ n B r TTT TAT TCC ATA AAT GTT GGG 

^ C TGG TCC GGC AAT TCT GAA TTC CJC « ™J ^ Ile Asn Val oly 

Asn Trp Ser Gly Asn Ser Glu Pne n ^ 255 



95 



143 



191 



239 



287 



335 



383 



431 



479 



527 



575 



623 



671 



719 



767 



240 245 
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Cy, Phe Tyr Arg He Leu Arg Leu His Glu Asn Ala Asp Leu Gin Asp 
55 70 75 80 

Ser Thr Leu Glu Ser Glu Asp Thr Leu Pro Asp Ser Cys Arg Arg Met 



85 



90 



Lys Gin Ala Phe Gin Gly Ala Val Gin Lys Glu Leu Gin His He Val 
Y 100 105 110 

Gly Pro Gin Arg Phe Ser Gly Ala Pro Ala Met Met Glu Gly Ser Trp 
115 120 125 

Leu Asp Val Ala Gin Arg Gly Lys Pro Glu Ala Gin Pro Phe Ala His 
130 135 140 

Leu Thr He Asn Ala Ala Ser He Pro Ser Gly Ser His Lys Val Thr 
145 150 155 lfclU 

Leu Ser Ser Trp Tyr His Asp Arg Gly Trp Ala Lys He Ser Asn Met 



165 



170 175 



Thr Leu Ser Asn Gly Lys Leu Arg Val Asn Gin Asp Gly Phe Tyr Tyr 
180 185 I 90 

Leu Tyr Ala Asn lie Cys Phe Arg His His Glu Thr Ser Gly Ser Val 
195 200 205 

Pro Thr Asp Tyr Leu Gin Leu Met Val Tyr Val Val Lys Thr Ser He 
210 215 220 

Lys He Pro Ser Ser His Asn Leu Met Lys Gly Gly Ser Thr Lys Asn 

225 230 235 

Trp Ser Gly Asn Ser Glu Phe His Phe Tyr Ser He Asn Val Gly Gly 
245 250 255 

r^i, r rin rin Tip Ser He Gin Val Ser Asn 
Phe Phe Lys Leu Arg Ala Gly Glu Glu lie iei xxe « 

260 265 270 

Pro Ser Leu Leu Asp Pro Asp Gin Asp Ala Thr Tyr Phe Gly Ala Phe 
275 280 285 

Lys Val Gin Asp He Asp 
290 



(2) INFORMATION FOR SEQ ID NO : 12 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 954 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 
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TS3 OCC AAG ^ «= »C ^ AC, JT, £ - » £ ™ S fj 

Trp Ala Lys He Ser Asn Met Thr Phe ^ 
195 ^ 

liW TGC TTT CGA CAT 

aa T ca C a» o=c ™ ™ « « - occ aac jt, » _ ^ His 

Asn Gin Asp Gly Phe Tyr lyr 22Q 
210 

An pap TAT CTT CAA CTA ATG GTG 

s: - - s s f s s s s £S T ^ «. - - «< - 
5 £ s s s s s s s s = = s s = s 

£ S S = £ S S S I S J= = Si i 2 * 

5; = s e s s s i« = - = s I s " ~ 

275 2BU 

„ PPC TCC TTA CTG GAT CCG GAT CAG GAT 

ATC AGC ATC GAG GTC TCC AAC CCC TCC T ^ ^ Qln Asp 

He Ser He Glu Val Ser Asn Pro Ser ^ 
290 ^ 

^ pp. TTT AAA GTT CGA GAT ATA GAT TGA 
GCA ACA TAC TTT GGG OCT TTT AAA ^ ^ 

Ala Thr Tyr Phe Gly Ala Fne y ^ 



624 



672 



720 



768 



316 



864 



912 



954 



305 310 



(2 ) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS : 

(ft) LENGTH: 317 ammo acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 13 : 

Met Arg Ar 9 XI. Ser Ar 9 Asp ^ - ^ I-» Xr, OXy Ser Olu 

oxl H. t C1 Y G1V CI. Pro Olv XX. Pro Hi. OXu OXy Pro - «i. XX. 

20 

« Gin Pro Pro Ala Ala Ser Arg Ser Met 

Pro Pro Pro Pro Ala Pro Hxs GXn Pro 45 

Ph « v .j l ~ L« - - - «1 V, C. « »1 

Ala l Phe Ph. - «. ». «•» « »p P» «- « "« ~ 

I «p «, - ~ »• - « Leu w L ~ His G « 
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(vii) IMMEDIATE SOURCE: 

(A) LIBRARY : Murine Fetal Liver Epithelium 

(B) CLONE: muRANK 

( ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1 . . 1875 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

ATG GCC CCG CGC GCC CGG CGG CGC CGC CAG CTG CCC GCG CCG CTG CTG 48 
Met Ala Pro Arg Ala Arg Arg Arg Arg Gin Leu Pro Ala Pro Leu Leu 
1 5 10 15 

GCG CTC TGC GTG CTG CTC GTT CCA CTG CAG GTG ACT CTC CAG GTC ACT 9 6 
Ala Leu Cys Val Leu Leu Val Pro Leu Gin Val Thr Leu Gin Val Thr 
20 25 30 

CCT CCA TGC ACC CAG GAG AGG CAT TAT GAG CAT CTC GGA CGG TGT TGC 144 
Pro Pro Cys Thr Gin Glu Arg His Tyr Glu His Leu Gly Arg Cys Cys 
35 40 45 

AGC AGA TGC GAA CCA GGA AAG TAC CTG TCC TCT AAG TGC ACT CCT ACC 192 
Ser Arg Cys Glu Pro Gly Lys Tyr Leu Ser Ser Lys Cys Thr Pro Thr 
50 55 60 

TCC GAC AGT GTG TGT CTG CCC TGT GGC CCC GAT GAG TAC TTG GAC ACC 2 40 
Ser Asp Ser Val Cys Leu Pro Cys Gly Pro Asp Glu Tyr Leu Asp Thr 
65 70 75 80 

TGG AAT GAA GAA GAT AAA TGC TTG CTG CAT AAA GTC TGT GAT GCA GGC 2 88 
Trp Asn Glu Glu Asp Lys Cys Leu Leu His Lys Val Cys Asp Ala Gly 
85 90 95 

AAG GCC CTG GTG GCG GTG GAT CCT GGC AAC CAC ACG GCC CCG CGT CGC 3 36 
Lys Ala Leu Val Ala Val Asp Pro Gly Asn His Thr Ala Pro Arg Arg 
100 105 HO 

TGT GCT TGC ACG GCT GGC TAC CAC TGG AAC TCA GAC TGC GAG TGC TGC 3 84 
Cys Ala Cys Thr Ala Gly Tyr His Trp Asn Ser Asp Cys Glu Cys Cys 
115 120 125 

CGC AGG AAC ACG GAG TGT GCA CCT GGC TTC GGA GCT CAG CAT CCC TTG 4 32 
Arg Arg Asn Thr Glu Cys Ala Pro Gly Phe Gly Ala Gin His Pro Leu 
130 135 140 

CAG CTC AAC AAG GAT ACG GTG TGC ACA CCC TGC CTC CTG GGC TTC TTC 4 80 
Gin Leu Asn Lys Asp Thr Val Cys Thr Pro Cys Leu Leu Gly Phe Phe 
145 150 155 160 

TCA GAT GTC TTT TCG TCC ACA GAC AAA TGC AAA CCT TGG ACC AAC TGC 52 8 
Ser Asp Val Phe Ser Ser Thr Asp Lys Cys Lys Pro Trp Thr Asn Cys 
165 170 175 

ACC CTC CTT GGA AAG CTA GAA GCA CAC CAG GGG ACA ACG GAA TCA GAT 57 6 
Thr Leu Leu Gly Lys Leu Glu Ala His Gin Gly Thr Thr Glu Ser Asp 
180 185 190 
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~ E ~ S S S S i S S = S H S S S 

~ ~ s - s s I s = = s i s s = s 1392 

450 nrr AGC ATG 1440 

„ G TGT CCC ,« f C ™ «« „ CCC ,0, £ 0» - S 
Gin cys Ala Tyr Ser Met Gly P ^ 

465 „ *rr GCT GAT GAG AGG GGA GCC 1488 

GCA GAG GCG GGA GTA £ CCC CAG GAC AGG OCT ^ ^ ^ 

Ala Glu Ala Gly Val Arg t-r 49Q 

^ ^ r , r CCA CCT GCC TCT GGG AAC 153 6 

GGG TCC GGG AGC TCC CCC AGT GAC CAG CCA C ^ Gly Asn 

Ser Ty Se' Gly Ser Ser Pro Ser Asp Gin 

. T « « ~ = » s s s s i s - = 1589 

Val Thr Gly Asn Ser A-n Ser ^ 525 

515 pap ACC TCG CAG 1632 

* TTC « GGT -C £ - £ « Z - ~ 3- ~ ~ 

Asn Phe Lys Gly Asp He lie 540 

530 ^ TAG CCC GTG GGC CGC CCT 1680 

GAG GGC CCG GGT TCC GCA G f CCC TCG GAG CCC ^ ^ _ 
Glu Gly Pro Gly Ser Ala Glu ^ 

545 „ TTT GCG GGC ACC GCG 1728 

s s = s: s = = ss si s - ~ » •» s; »■ 

SSS55S!!i!SS=S SS " 

bb S ssk=SS = = = s sss: "" 

K S S SK S S = SS S SK SSSS S S 

610 1878 



GAA TGA 

Glu 

625 



(2) INFORMATION FOR SEQ ID NO: 15: 

c-ttoUENCE CHARACTERISTICS: 
(1) SEQUENCE ngTO; am . no acids 

(B) TYPE: amino acid 
( D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
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Gly Pro Val Cys 
305 

Ary Thr Phe Thr 



Arg Lys lie Pro 
340 

Ser Thr Gly Ser 
355 

Pro Phe Gin Glu 
370 

Cys Phe Thr Gly 
385 

Thr Glu Pro Pro 



His Leu Thr Lys 
420 

Ser Ser Asn Ser 
435 

Glu Asp His Glu 
450 

Gin Cys Ala Tyr 
465 

Ala Glu Ala Gly 



Ser Gly Ser Gly 
500 

Val Thr Gly Asn 
515 

Asn Phe Lys Gly 
530 

Glu Gly Pro Gly 
545 

Val Gin Glu Glu 



Pro Arg Phe Pro 
580 

Gly Ala Pro Arg 
595 

Gly Gly Ala Gin 
610 



Ala Ala Gly Gly 
310 

Leu Val Ser Glu 
325 

Thr Glu Asp Glu 



Leu Leu Leu lie 
360 

Pro Leu Glu Val 
375 

Thr Glu Ser Thr 
390 

Ser Arg Thr Asp 
405 

Glu lie Glu Gly 



Thr Asp Gly Tyr 
440 

Pro Phe Pro Gly 
455 

Ser Met Gly Phe 
470 

Val Arg Pro Gin 
485 

Ser Ser Pro Ser 



Ser Asn Ser Thr 
520 

Asp lie lie Val 
535 

Ser Ala Glu Pro 
550 

Thr Leu Ala His 
565 

Asp Val Cys Ala 



Gin Lys Asp Gly 
600 

Thr Ser Leu His 
615 



Pro Trp Ala Glu 
315 

Val Glu Thr Gin 
330 

Tyr Thr Asp Arg 
345 

Gin Gin Gly Ser 



Gly Glu Asn Asp 
3S0 

Val Asp Ser Glu 
395 

Ser Met Pro Val 
410 

Asp Ser Cys Leu 
425 

Thr Gly Ser Gly 



Ser Leu Lys Cys 
460 

Pro Ser Glu Ala 
475 

Asp Arg Ala Asp 
490 

Asp Gin Pro Pro 
505 

Phe lie Ser Ser 



Val Tyr Val Ser 
540 

Glu Ser Glu Pro 
555 

Arg Asp Ser Phe 
570 

Thr Gly Ala Gly 
585 

Thr Ser Arg Pro 



Thr Gin Gly Ser 
620 



Val Arg Asp Ser 
320 

Gly Asp Leu Ser 

335 

Pro Ser Gin Pro 
350 

Lys Ser lie Pro 
365 

Ser Leu Ser Gin 



Gly Cys Asp Phe 
400 

Ser Pro Glu Lys 
415 

Pro Trp Val Val 
430 

Asn Thr Pro Gly 
445 

Gly Pro Leu Pro 



Ala Ala Ser Met 
480 

Glu Arg Gly Ala 
495 

Ala Ser Gly Asn 
510 

Gly Gin Val Met 
525 

Gin Thr Ser Gin 



Val Gly Arg Pro 
560 

Ala Gly Thr Ala 
575 

Leu Gin Glu Gin 
590 

Val Gin Glu Gin 
605 

Gly Gin Cys Ala 
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{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

J His I. ,sn 3X» XX. - ~J - - ^ ~ XJ. ^ - 

20 

Arg 
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8. A recombinant expression vector comprising a DNA sequence according to claim 2. 

9. A recombinant expression vector-comprising a DNA sequence according to claim 

3. 

5 

10. A recombinant expression vector comprising a DNA sequence according to claim 

4. 

1 1. A recombinant expression vector comprising a DNA sequence according to claim 

10 5. 

12. A recombinant expression vector comprising a DNA sequence according to claim 

6. 

15 13. A host cell transformed or transfected with an expression vector according to 

claim 7. 

14. A host cell transformed or transfected with an expression vector according to 
claim 8. 

20 

15. A host cell transformed or transfected with an expression vector according to 
claim 9. 

16. A host cell transformed or transfected with an expression vector according to 
25 claim 10. 

17. A host cell transformed or transfected with an expression vector according to 
claim 1 1 . 

30 18. A host cell transformed or transfected with an expression vector according to 

claim 12. 

19. A process for preparing a RANK protein, comprising culturing a host cell 
according to claim 13 under conditions promoting expression and recovering the RANK . 

35 

20. A process for preparing a RANK protein, comprising culturing a host cell 
according to claim 14 under conditions promoting expression and recovering the RANK . 
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-DS1 



-DS3- 



-DS2- 



RANK 

CD40 
TNFR1I 

4-1 BB 
OPC 

HVEM 

OX40 H 

LT(3R 

NCFR 
TNFR1 



TSEKH 
R E K Q - 
R L R E - 



- - p 


K Y L 




E D E 
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